We have identi®ed a novel chicken gene, cMespo, which encodes a basic-helix-loop-helix (bHLH) protein with sequence homology to a subgroup of bHLH transcription factors that have been implicated in somitogenesis. cMespo transcripts are ®rst found in the primitive streak of gastrulating chick embryos (HH stage 4) and continue to accumulate in presomitic mesoderm (PSM) until somite formation has been concluded. cMespo, however, is not expressed within somites or in tailbud mesoderm. The expression domain of cMespo in PSM largely overlaps with delta-1 but spares a region of several prospective somites at the rostral end of PSM in which c-Meso and Cek-8 are expressed. q
Results and discussion
The formation of somites in the vertebrate embryo occurs in a strict spatio-temporal order in three morphologically discernible steps: (1) the prepatterning of paraxial mesoderm; (2) boundary formation between somites; and (3) differentiation of somites into anterior and posterior halves (Gossler and Hrabe de Angelis, 1998) . Despite recent progress in identifying genes, which are expressed in presomitic mesoderm and somites, mechanisms underlying somitogenesis are largely obscure. It is believed that Notch-Delta pathway genes play an important role in somite formation (Barrantes et al., 1999; Hrabe de Angelis et al., 1997) and in addition several bHLH transcription factors have been described which are expressed in presomitic mesoderm (PSM). Most notably, her-1 in zebra®sh and c-hairy-1 in chick exhibit rhythmic and dynamic expression patterns in PSM (Muller et al., 1996; Palmeirim et al., 1997) consistent with the existence of an internal oscillator. Mouse MesP1 and MesP2, and chicken cMeso1 and cMeso2 are expressed in dynamic stripe patterns in PMS pre®guring prospective somites and MesP gene inactivations result in defects of somitogenesis and segmentation (Buchberger et al., 1998; Saga et al., 1996 Saga et al., , 1997 . Here we report the identi®cation of a novel chicken gene that is expressed exclusively in PSM preceding the formation of somites. Using the bHLH domain of the transcription factor E12 as bait in a yeast two-hybrid screen of a HH stage 8 chicken embryo library we isolated the cDNA of 1316 nucleotides with an open reading frame for 160 amino acids (Fig. 1A) . The deduced protein sequence revealed the presence of a putative bHLH motif which is related to a group of bHLH transcription factors including cMeso1 and cMeso2 from chicken (Buchberger et al., 1998) , MesP1 and MesP2 from mouse (Saga, 1998) , and Thylacine1 and 2 (Sparrow et al., 1998) as well as Mespo from Xenopus (Joseph and Cassetta, 1999) which all are expressed in presomitic mesoderm and somites (Fig. 1B) . Highest homology throughout the entire protein and within the bHLH domain was found to Xenopus Mespo, with 44.4 and 84% sequence identity, respectively. Based on structure homology and the expression pattern (see below) we refer to the chicken gene as cMespo. The sequence is also very similar to the recently isolated mouse mesogenin cDNA and may actually constitute the chicken orthologue to this murine gene (B. Wold, personal communication). Northern blot analysis of RNA isolated from dissected regions of chick embryos at HH stage12±14 or HH stage 20±23 revealed speci®c expression of cMespo in presomitic mesoderm but no other regions of the embryos (Fig. 1C) . Interestingly, no cMespo transcripts were found in trunks of older embryos indicating that the expression may be transient. Besides a 1.4 kb cMespo mRNA which corresponds well in size to the isolated cDNA, additional mRNAs of 4 and 2 kb were detected which may re¯ect alternatively spliced or polyadenylated transcripts, or the existence of a related gene that was picked up by the hybridization probe. By in situ hybridization cMespo expression was ®rst detected in HH stage 4 chicken embryos in and around the primitive streak ( Fig. 2A) . During subsequent development this expression domain persisted and gradually retracted in parallel to the retracting Hensen's node towards the caudal end of the embryo (Fig. 2B±J) . Transversal sections at different axial levels revealed that cMespo transcripts began to accumulate in gastrulating mesoderm and were later restricted to paraxial mesoderm prior to the onset of somite formation (Fig. 2C±E) . However, cMespo RNA was never found within somites, nor was it found in the tailbud mesoderm which is in contrast to the otherwise similar expression pattern of Xenopus Mespo (Joseph and Cassetta, 1999) . Signi®cantly, during somitogenesis the anterior border of cMespo expression did not coincide with the rostral end of PSM, as a gap of approximately three prospective somites within the PSM was always free of cMespo transcripts (Fig. 2H±J) . In order to more clearly de®ne the spatio-temporal pattern of cMespo expression double in situ hybridizations were performed with probes for delta-1, cMeso2, and the tyrosine kinase receptor Cek-8, genes which have been implicated in patterning of the segmental plate and in somitogenesis (Buchberger et al., 1998; Hirano et al., 1998; Hrabe de Angelis et al., 1997) . While cMespo and delta-1 expression in PSM overlapped except in tailbud and the most anterior portion of the segmental plate (Fig.  3D ), no overlap of cMespo was found with cMeso2 or Cek-8 expression (Fig. 3A±C) . cMeso2 was expressed in a dynamic stripe pattern in the rostral PSM where it pre®-gured prospective somites in a region that did not express cMespo any longer (Fig. 3A,B) . As has been shown previously cMeso-1 is also expressed in stripes similar to cMeso2 but has an additional expression domain in posterior PSM and tailbud (Buchberger et al., 1998) which appears partially overlapping with cMespo (data not shown). Similarly, Cek-8 was expressed in a stripe pattern in the anterior halve of somites and anterior PSM immediately preceding somite formation without regional overlap to the cMespo expression domain (Fig. 3C) . In summary then, cMespo expression appears to be limited to paraxial mesoderm from its inception during gastrulation until shortly before somites begin to form. cMespo expression is switched off prior to the activation of bHLH transcription factors which are believed to be involved in segmentation. These observations indicate that cMespo has a role in early steps of mesoderm formation prior to somitogenesis, possibly determining paraxial mesoderm. Interestingly, mesoderm that is layered down in the tailbud does not involve cMespo in chicken. 
Materials and methods

Isolation of cMespo cDNA
The bHLH domain of E12 (aa 508±654) was used as bait in a yeast to hybrid screen of a HH stage 8 embryonic chick plasmid library. Yeast strain YRG2 was sequentially transformed with the Gal4-BD-E12 vector and the pAD-Gal4 plasmid library and then grown under Leu/Trp/His selection. The screening procedure, b-galactosidase assay, and plasmid isolation was performed as described previously (Buchberger et al., 1998) . The nucleotide sequence of the isolated cMespo plasmid was determined by standard procedures.
Northern blot analysis
Total RNA from embryonic chicken tissues was isolated by standard procedures. The RNA was glyoxylated, separated on a 1% agarose gel and transferred to a Nylon membrane. The Northern blot was hybridized with the radiolabeled 560 bp 5 H SacI fragment, isolated from the cMespo cDNA.
Whole-mount in situ hybridization
Chicken embryos were staged according to Hamburger and Hamilton (1992) and subjected to whole-mount in situ hybridizations as described previously (Buchberger et al., 1998) . Antisense RNA probes were generated from the entire cDNAs for cMespo, delta-1, and Cek-8 and from a speci®c 3 H cDNA fragment for cMeso2 using digoxigenin-11-UTP (Boehringer Mannheim) as label. Hybridized embryos were embedded in 30% albumin, 0.5% gelatin, 20% sucrose in phosphate buffered saline, cross-linked with 2.5% glutaraldehyde and sectioned on a vibratome (30 mm). Arrowheads were used to mark the most recently formed somites. Note that cMespo is initially expressed in a broad domain of mesodermal cells and later becomes restricted to the presomitic mesoderm. ps, primitive streak; m, mesoderm; pf, primitive fold. 
